###### Strengths and limitations of this study

-   A double-blind randomised parallel group design is a rigorous design to address the research question.

-   Findings from this study could contribute to optimal platelet-rich plasma application for treating grade-2 muscle injuries.

-   Findings from this study should not be generalised to other athletes because the patients in this study are national level athletes with frequent and regular access to supervised rehabilitation sessions at the National Sports Medicine Centre.

Introduction {#s1}
============

Hamstring injuries are one of the most common muscle lesions in many sports including soccer, American football, Australian rules football and athletics.[@R1] Previous studies have recorded hamstring injury prevalence ranging from 23% to 50% of muscle injuries in sports.[@R6] In most instances, a hamstring injury is caused by indirect trauma associated with non-contact activities that require sprinting, jumping and ballistic movements of the lower limb.[@R6] Performing these movements requires the hamstring muscle to eccentrically contract and develop tension while lengthening.[@R9]

Muscle injury diagnosis and grading are usually made through a detailed history and physical examination.[@R1] Additionally, radiological imaging, including ultrasonography and MRI, is commonly used to confirm diagnosis.[@R3] Hamstring injury could be classified based on clinical and radiological evaluations depending on the severity of the affected muscle fibres as well as the position of the injury along the hamstrings muscle (eg, muscle belly, myotendinous junction or proximal tendon). The characteristics of hamstring injuries could be useful in predicting the duration of recovery.[@R10]

Despite its frequent occurrence, the best treatment for muscle injury is not yet clearly defined. Various interventions have been suggested by previous researchers.[@R5] In the acute phase (up to first 72 hours following muscle injuries), the treatment objectives include to limit the extent of injuries, minimise swelling and control pain. These are often achieved through protection, rest, ice, compression and elevation of the injured area.[@R18] These approaches are usually combined with a short course of non-steroidal anti-inflammatory drugs (NSAIDs) and rehabilitation programme.[@R5]

In professional sport, muscle injury often leads to severe pain and disability, resulting in loss of training and competition time. Despite various treatment methods, the duration to return-to-play (DRP) varies from 6 weeks to never, with significant variation depending on injury severity.[@R5]

With the increasing understanding of basic sciences of muscle healing, scientists and clinicians are exploring on autologous platelet-rich plasma (PRP) to accelerate recovery. PRP contains a myriad of growth factors that are released into the injured area. Growth factors including platelet-derived growth factors, vascular endothelial growth factors, epidermal growth factors, fibroblasts growth factors (FGFs), insulin-like growth factor-1 (IGF-1) and tumour growth factor-β1 (TGF-β1) enhance myoblast proliferation and differentiation.[@R16]

The abundance of growth factors and cytokines in PRP is believed to have the ability in accelerating muscle healing by induction of stem cells proliferation and migration, increased angiogenesis and tissue regeneration.[@R20]

Sanchez *et al* reported athletes diagnosed with small muscle tears receiving PRP injection achieved full recovery within half of the expected time.[@R23] Wright-Carpenter *et al* demonstrated that autologous-conditioned serum injected into damaged muscle reduced the length of professional sportsmen's full return-to-play (RTP) by 30% (6 days). They attributed the observed effects on the presence of increased levels of growth factors (FGF-2, Hepatocyte Growth Factor and TGF-β1) demonstrable on ELISA.[@R19]

To date, only four randomised-controlled trials (RCTs) on the effect of PRP on hamstring muscle injuries have been published. Of these only two studies reported significantly earlier RTP in athletes treated with PRP compared with control.[@R24] In two other studies, there were no differences in the DRP between PRP-treated patients and controls.[@R26] Inconsistencies between studies could be due to several factors including variations in the severity of hamstring injuries. All these RCTs included patients with acute hamstring injuries, however, the severity of injury differs across studies. Studies with grade-2 hamstring injury reported significantly faster recovery[@R24] whereas studies that recruited participants with grade-1 and grade-2 hamstring injuries did not report any significant difference between PRP and control group.[@R27] The PRP preparation techniques affect the type of PRP produced and its cellular contents (eg, number of platelets, white blood cells (WBCs) and red blood cells (RBCs)) which could potentially affect the clinical outcome.[@R29] Two studies used leucocyte-rich PRP (LR-PRP),[@R24] one study used autologous-conditioned plasma[@R27] and the type of PRP was not reported in the other study.[@R25] Current RCTs also vary in terms of the injection techniques. PRP injection procedure was performed under ultrasound guidance in three studies.[@R24] In one study, PRP injection was performed without radiological guidance (landmark-guided technique).[@R28] Ultrasound-guided injection was reported to be more accurate than landmark-guided injections in delivering injectants into the injured area.[@R30] The type of controls also varies between the RCTs. In two studies, the outcome of PRP injection was compared with a standard rehabilitation program.[@R24] One study compared PRP with normal saline (NS) injection.[@R27] The other study was a three-arm study which examined the effect of PRP, Platelet Poor Plasma and a standard hamstring rehabilitation program.[@R28]

There is still debate over the use of PRP for acute muscle injuries.[@R31] Current systematic reviews reported there are limited RCTs that evaluated the effects of PRP on acute hamstring injury.[@R35] Furthermore, the available evidence is considered to be very low to moderate quality due to risk of bias, inconsistency and imprecision of the study protocols. Hence, there is inadequate evidence to support PRP for acute hamstring injury in clinical practice. More studies using robust clinical design are recommended to shed further light on PRP use for acute muscle injuries.[@R35]

Our recent review through trial registries databases (including ISRCTN, ANZCTR, EU clinical trials register, UMIN-CTR and Clinical.gov registries) using 'platelet-rich plasma and hamstring' as keywords did not find any ongoing trial or recently registered study protocol and except for the current study.

This report describes the protocol of a double-blind, randomised placebo-controlled trial to determine the clinical effects of PRP versus NS injection on the DRP for the treatment of a grade-2 hamstring injury among high performance athletes. We hypothesised that the presence of growth factors in the PRP could accelerate muscle healing resulting in earlier RTP.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

This study is a randomised, double-blind, placebo-controlled trial conducted at the National Sports Medicine Centre (NSMC), Kuala Lumpur, Malaysia. The study protocol abides to the guideline established by the Standard Protocol Items: Recommendations for Interventional Trials ([online supplementary appendix 1](#SP1){ref-type="supplementary-material"}). The NSMC provides healthcare services exclusively to national athletes, at both the competitive and developmental levels. Patients diagnosed with grade-2 hamstring muscle injury will be randomised to receive either a single PRP or NS injection into the injured site under ultrasound guidance. Following the intervention, all patients will be reassessed every week until full recovery achieved. The duration to full recovery between the two groups will be used as the primary outcome measures on the effectiveness of the intervention.
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Patients {#s2-2}
--------

Patients with ultrasonography confirmed diagnosis of grade-2 hamstring will be invited to participate in this study. Notice of study and invitation to participate in this study will be distributed to all sports physicians and medical officers at the NSMC. The eligibility criteria for inclusion in this study are listed below.

Inclusion criteria:

1.  Aged 18 years and above.

2.  Diagnosed with acute (≤7 days) grade-2 hamstring injury based on clinical assessment and confirmed on ultrasonography.

3.  Understand and willing to follow the study protocol and had completed the written informed consent form.

Exclusion criteria:

1.  Had undergone some form of injection therapy for the current injury.

2.  Use of NSAIDs within 1 week of randomisation.

3.  Unable to fulfil weekly follow-up appointments and comply with the rehabilitation programme.

4.  Significant cardiovascular, renal, hepatic disease, malignancies, history of anaemia and previous muscle surgery.

Procedures {#s2-3}
----------

The summary of this trial is outlined in [figure 1](#F1){ref-type="fig"}. Patients referred to the NSMC with suspected hamstring injury will be screened for eligibility. An experienced sports physician (KHH) will conduct all screening process which includes clinical physical examination and preliminary ultrasound assessment. Following these, a grading of injury severity will be determined as recommended by previous studies.[@R1] Potential patients will then undergo diagnostic ultrasonography assessment conducted by a sports physician (MSAH/AP) with more than 10 years of diagnostic musculoskeletal ultrasound experience. All diagnostic ultrasound assessment will be performed using the Philips EPIQ5 Diagnostic Ultrasound System using 18 MHz, linear probe to confirm the diagnosis. The severity of hamstring injury will be graded using the radiological ultrasound grading system ([table 1](#T1){ref-type="table"}) used by Hamid *et al*.[@R22] Diagnostic ultrasound assessment will be performed within the first 48 hours of completion of the physical assessment. All ultrasonography findings will be documented in a standard ultrasound report form ([online supplementary appendix 2](#SP2){ref-type="supplementary-material"}).
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###### 

Grading of muscle strain based on ultrasound appearance[@R22]

  Grade   Ultrasound findings
  ------- ----------------------------------------------------------------
  0       No ultrasound features seen
  1       Muscle oedema only
  2a      Partial tears of muscle fibres, disruption involving \<33%
  2b      Partial tears of muscle fibres, disruption involving ≥33%--66%
  2c      Partial tears of muscle fibres, disruption involving ≥66%--99%
  3       Complete tear of muscle

![Study flowchart. NS, normal saline; PRP, platelet-rich plasma.](bmjopen-2020-039105f01){#F1}

Patients diagnosed with acute grade-2 hamstring injury based on clinical and confirmed by diagnostic ultrasound will be invited to participate in the study. All eligible subjects will be given information about the study, including study procedures via the patient's information sheets ([online supplementary appendix 3](#SP3){ref-type="supplementary-material"}). All patients will be required to provide verbal and written consents before randomisation.
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Interventions {#s3}
=============

PRP group {#s3-1}
---------

Patients randomised to this group will receive a single 3 mL injection of PRP into the injury site under ultrasound guidance administered by a sports physician (MSAH/AP). The PRP will be prepared using a commercial kit, GPS III Systems (Biomet Biologics, Warsaw, Indiana, USA). The injection will be administered once after randomisation of the patient (day 1 of the study).

PRP preparation {#s3-2}
---------------

Fifty-six millilitres of venous blood will be extracted from the antecubital vein of all patients. Fifty-four millilitres of the blood will be transferred into a 60 mL syringe containing 6 mL of anticoagulant---acid citrate dextrose solution A (ACD-A). Two millilitres of the blood collected will be sent to the laboratory for full blood count analysis, including RBC, platelet and WBC quantification. Blood extraction and PRP preparation will be performed by two staff nurses in accord with the manufacturer guideline. All procedures will be conducted in a treatment room at the NSMC. As an acidic anticoagulant (ACD-A) was added during collection, PRP will be buffered to increase the pH to normal physiological levels before injection by adding 8.4% sodium bicarbonate solution in a ratio 0.05 mL of sodium bicarbonate to 1 mL of PRP as indicated by the manufacturer. No activating agent will be added to the PRP throughout the process. The time taken to prepare PRP will be about 30 min. Approximately 6 mL of PRP could be produced by a 60 mL GPS III kit. Three millilitres of the PRP will be injected into the injured area under ultrasound guidance using aseptic technique. One millilitres will be sent to the NSMC laboratory for platelets and leucocyte counts. The remaining 2 mL of PRP will be stored at −80°C and sent to a private laboratory on study completion for quantification of growth factors including basic FGF, IGF-1 and TGF-β1.

NS group {#s3-3}
--------

Patients in the NS group will undergo precisely the same procedure as those in the PRP group. The only difference being patients in this group will receive a single 3 mL injection of NS administered under ultrasound guidance using aseptic technique. Meanwhile, the remaining 54 mL of blood collected from patients in the NS group will be used to evaluate a cost-effective technique of PRP preparation (without commercial kit) using consumables readily available at the NSMC. The PRP prepared using this method will also be sent to the laboratory for analysis of cellular and growth factors components.

Injection technique {#s3-4}
-------------------

All injection will be performed in the ultrasound room at the NSMC using aseptic technique (ultrasound probe cover, sterile ultrasound gel). Both the PRP and NS will be prepared in a syringe and covered with an opaque tape to ensure that the content of the syringe is not known to the patient. Patients will be placed in the prone position and will be requested not to turn their head during the procedure. The injection site will be cleaned with 10% povidone-iodine and spirit solutions before administration. No local anaesthetic agent will be administered during the intervention. Under ultrasound guidance, 3 mL of injectants (PRP or NS) will be delivered directly into the injured area via a 22 G ultrasound needle. Patients in both groups will only receive a single injection throughout the study.

Following injection of either PRP or NS, cryotherapy will be applied for 15 min. Patients will be advised to rest the injected area for the next 48 hours. Patients will be asked to avoid taking NSAIDs; however, the use of oral paracetamol and ice will be allowed. Patients will be asked to record all medication used.

Rehabilitation program {#s4}
======================

All patients will undergo a standardised hamstring rehabilitation programme supervised by a sports physiotherapist (RMY/CCY). Rehabilitation sessions commenced on the third day (72 hours) following injection. The rehabilitation protocol prescribed was based on a programme previously described by Erikson and Sherry. This rehabilitation protocol ([online supplementary appendix 4](#SP4){ref-type="supplementary-material"}) is based on current evidence, that integrates the progressive agility trunk stabilisation and progressive running and eccentric strengthening components.[@R31] Patients will undergo daily (five times/week) supervised sessions conducted at the NSMC physiotherapy unit until full recovery is achieved. All rehabilitation sessions will be recorded in the patient's rehabilitation logbook by the physiotherapist in charge.
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Sample size {#s5}
===========

The sample size was determined using the G\*power software (V.3.1.9.2, Heinrich Heine, Universitat Desseldorf). In this study, the sample size was estimated using DRP, and SD results from a previous study. Previous study found DRP of 26.7 (7.0) days among patients who received PRP and 42.4 (20.6) days among those treated with rehabilitation programme alone.[@R24] Taking into account an attrition rate of 30%, and a study power of 0.95, a sample size of 34 patients per group was estimated. Hence a minimum number of 68 patients will be required for this study.

Randomisation {#s6}
=============

Randomisation will be performed when patients agreed to participate and signed the written informed consent form. Computer-generated block randomisation of eight was used to create a randomisation schedule ([www.randomization.com](www.randomization.com)). The randomisation schedule was performed and kept by a research member (AMHS) not involved in the intervention process. Following confirmation of participation, the treatment assignments will be revealed to the physician who will be performing the injection. Subjects will be randomised into either (1) autologous PRP injection or (2) NS.

Blinding {#s7}
========

Two sports physiotherapists (RMY and CCY) will be involved in providing rehabilitation programme and act as outcome measures assessors. Both physiotherapists attended a half-day workshop (June 2019) conducted by the primary researcher (MSAH) to ensure consistency in providing rehabilitation programme as well as on outcome measure assessments. Both physiotherapists will be blinded to patients group allocation. In this study, patients will also be blinded to the treatment they received. All patients will undergo similar study procedures, including extraction 56 mL of venous blood from the patients' arm. Patients differ only on the type of injection they received. To ensure blinding, patients will be positioned in prone throughout the intervention and requested not to turn their head to the back during the procedure. On trial completion, physiotherapists and patients were asked to guess which treatment each participant had received. The success of blinding was determined using the 'blinding index' as described by James *et al*.[@R39]

Outcomes {#s8}
========

Patients characteristics {#s8-1}
------------------------

Patients sociodemographic information, including gender, date of birth, ethnic background, sport and level of participation, will be recorded. Additionally, information related to the injury such as date of injury onset, mechanism of injury, the situation when the injury occurred (training, competition or others) and history of previous injury/ies will be documented.

Primary outcome measures {#s8-2}
------------------------

The primary outcome of this study is the DRP. DRP is defined as the duration (in days) from the date on which the injury occurred until the patients met the RTP criteria. Since there are limited scientific studies examining the outcome of various RTP strategies,[@R17] it is necessary to set the criteria for RTP. The RTP criteria used in this study ([table 2](#T2){ref-type="table"}) were based on recommendations of clinical sports medicine practitioners.[@R5]

###### 

Criteria for return-to-play

  Sign                    General recommendation
  ----------------------- ---------------------------------------------------------------------------------------------------------------------
  Pain                    Pain-free (on direct palpation)Pain-free on hamstring contraction (resisted isometric hamstring muscle contraction)
  Active knee extension   ≤10º difference between injured and non-injured leg[@R42]
  Strength                Isokinetic strength within 5%[@R48] to 10%[@R5] of contralateral side

Outcome assessments will be performed once a week by the physiotherapist in charge (RMY/CCY). At each visit, patients will complete the Brief Pain Inventory---Short Form (BPI-SF) questionnaire following this the physiotherapist will clinically evaluate patient's recovery progress and recorded in the patients' clinical research form.

Clinical evaluation includes:

1.  General inspection of the injured area for bruising, swelling or any other abnormalities.

2.  Palpation for any tenderness of the affected area. The assessor will document the distance of the maximal area of tenderness from the ischial tuberosity.

3.  Active knee extension (AKE) test for hamstring range of movement assessment. The AKE test is an active test that is safe as the participant dictates the endpoint and has been recommended and often used to measure hamstring tightness.[@R42]

4.  Hamstring pain provocation test. In the prone position, patients are asked to flex (bend) the knee at approximately 15° and maintain the position while the assessor provides force against flexion. The test is considered positive if patients experience pain. This test is only performed when all other assessments did not reproduce pain.[@R14]

Patients will be allowed to resume sporting activities only when they have met the criteria as described in [table 2](#T2){ref-type="table"}.

Secondary outcome measures {#s8-3}
--------------------------

### Brief Pain Inventory---Short Form {#s8-3-1}

The BPI-SF is a self-reported questionnaire for determining pain intensity and the effect of pain on to day-to-day functions. The BPI has been validated in over three dozen languages by examining the consistency of pain severity and the impact of pain on individual.[@R43]

### Hamstring injury recurrence {#s8-3-2}

Patients will be contacted by telephone every month for the first 6 months after full recovery. Patients will be advised to consult the NSMC should any symptoms appear. In this study, hamstring injury recurrence is defined as an injury at the same site within the first 6 months of RTP.[@R40]

Other outcomes {#s8-4}
--------------

### PRP characteristics {#s8-4-1}

The PRP prepared in this study will be classified according to the current classification system described in literature.[@R45] The number of platelets present in venous blood and PRP will be determined using the high performance automated haematology analyser Sysmex XN-10 and XN-20 (Sysmex Co, Chuo-ku, Japan) at the NSMC clinical laboratory. The ratio of platelet levels in venous blood to PRP will be determined as calculated to assess the ability of GPS III kit (Biomet Biologics) to concentrate platelets. Also, the number of leucocytes present in PRP was determined using a similar method.

### Adverse effects {#s8-4-2}

Patients will be asked to report any adverse effects directly or indirectly related to the intervention received at each weekly follow-up session. Similarly, the attending physiotherapists will document any adverse effects during the rehabilitation programme. The attending physiotherapist will report all adverse effects in the next research team meeting.

Data collection and management {#s9}
==============================

Data will be collected from patients at baseline, and weekly by the physiotherapist in charge until patients fulfilled the RTP criteria. Patients who had fully recovered (RTP criteria fulfilled) and allowed to resume preinjury sports activities will be contacted via telephone call on a monthly basis for the first 6 months to monitor injury recurrence. All data collected will be stored securely in a locked cabinet throughout the trial. To ensure confidentiality, each patient will be given a trial identification number. Data entry and coding will be performed by trained staff at the NSMC.

Statistical analysis {#s10}
====================

The principle of intention-to-treat (ITT) will be applied for the primary outcome variable. The ITT analysis includes data that are incomplete and data from patients who had deviated from the study protocol. Multiple imputation methods will be used in handling any missing data. The DRP between groups will be compared using either the parametric (t-test) or non-parametric test (Mann-Whitney U test) based on the data distribution assessed with Shapiro-Wilk test.

Additionally, the survival analysis statistical procedure will be chosen to compare treatment effects over time (Kaplan-Meier product-limit estimator). Secondary outcome measures, including BPI-SF scores of pain severity and pain interference over time, will be evaluated using linear mixed-model analysis. All statistical analysis will be performed using the SPSS V.25.0 (SPSS), and a p value of \<0.05 will be considered to be significant.

Patient and public involvement {#s11}
==============================

The design of the current study was based on previous single-blinded RCT performed in recreational athletes. The current study design and protocol was further refined through discussion with several NSMC healthcare providers which include sports physicians, athletic trainer and physiotherapists. Patients were not involved in the design of the study, participants recruitment or in the determination of the outcome measures in the current trial. Study notices were distributed to sports physicians and sports associations/organisations located in the Klang Valley in the state of Selangor and the Federal Territory of Kuala Lumpur. The burden of trial interventions will be assessed by monitoring of adverse events of the interventions. Information on patient satisfaction with treatment will be collected through an online self-rating questionnaire at study completion. Results from this trial will be communicated at scientific conferences, and we also intend to publish our findings in a peer-reviewed journal.

Ethics and dissemination {#s12}
========================

The study was approved by the Medical Research Ethics Committee of the University of Malaya Medical Centre (MREC ID: 20 166-2533) and adhere to the declaration of Helsinki. This trial was registered at the National Medical Research Register (NMRR-16-2266-32005) and the Current Controlled Trials. Participation is strictly voluntary, and potential patients will be made aware of all procedures involved in the trial via the patient's information sheets. Patients will be required to sign the informed consent form before participation. At any time, patients may withdraw from the study. Results from this trial will be communicated at scientific conferences, and we also intend to publish our findings in a peer-reviewed journal. Any amendments to the study protocol will be submitted to the Medical Research Ethics Committee of the University of Malaya Medical Centre and registered at Current Controlled Trials (<https://www.isrctn.com/>) and published in the RCT report.

Perspectives of the study {#s13}
=========================

Currently, available controlled clinical trials on PRP use for muscle injuries are marred with inconsistencies in various aspects which could affect the study outcome. Standardising the type of PRP used in clinical trials and the specific condition for which the intervention is targeted would allow a more definite and more substantial conclusion to be made. In this trial, the effect LR-PRP for hamstring injury will be investigated. A single ultrasound-guided LR-PRP injection will be compared with NS injection (placebo) among patients with an acute grade-2 hamstring injury. The primary outcome measure is the DRP. The RTP criteria used in this study were based on recommendations by experts and reflect current clinical practice.[@R19] In addition to the intervention received, patients in both groups will be required to complete a standard hamstring rehabilitation programme under the supervision of a sports physiotherapists at the NSMC. The results of this double-blind, randomised placebo-controlled trial study will shed more insights into the effect of PRP injection for treating grade-2 hamstring injuries.

Trial status {#s14}
============

Recruitment started on 3 September 2019, and the study was initially expected to be completed on 31 December 2021. However, recruitment of study patients had to be temporarily suspended from 18 March 2020 with the development of the movement control order (MCO) amid the COVID-19 pandemic. Data collection will recommence once the MCO is lifted. We plan to continue data collection for another 6 months after the last recruited patient to explore injury recurrence among patients.
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